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FIGURE 2-7 - PANEL A
D I S T R I B U T I O N O F P R O P E R T Y M E A N A R S E N I C

C O N C E N T R A T I O N S I N B U L K S O I L S
2500

A R S E N I C
= 2986

Mean Concentrat ion o f Arsen i c I n Bulk S o i l ( p p m )

FIGURE 2-7 - PANEL B
D I S T R I B U T I O N O F P R O P E R T Y M E A N L E A D

C O N C E N T R A T I O N S I N B U L K S O I L S

* * * t t * i | § i |
Moan Concentration o f Lead In Bulk Soi l (ppm)
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R I S K S FROM E X P O S U R E T O
A R S E N I C

Cancer Risk f rom Chronic Exposure
1. Soil p l u s Dust
2. Garden vegetables
3. T o t a l Risk
Non-cancer Risk f r o m Short-term
Exposure to Soil
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C A N C E R R I S K S FROM
S O I L I N G E S T I O N

For chronic exposure, EPA assumes that a resident
is exposed to the average concentration of arsenic
over the entire yard.

EPA recommends the use of the 95% u p p e r
c o n f i d e n c e l i m i t of the ari thmetic mean
concentration over the yard as the exposure point
concentration or EPC.
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D I S T R I B U T I O N O F P R O P E R T Y A R S E N I C
E X P O S U R E P O I N T C O N C E N T R A T I O N S ( E P C s )I N P H A S E 3 S O I L S
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Arsenic ( p p m )

FIGURE 2-7 - PANEL A
D I S T R I B U T I O N O F P R O P E R T Y M E A N A R S E N I C

C O N C E N T R A T I O N S I N B U L K S O I L S
2500 -

A R S E N I C
N = 2986
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Mean Concentrat ion o f Arsenic I n Bulk S o i l ( p p m )
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Based on the Phase III inves t igation,
the typical ratio of the EPC to the
yard average is 1.4

R e l a t i o n s h i p between arsenic in the
bu lk f r a c t i o n and f i n e f r a c t i o n

Results f rom the Phase HI investigation were
combined with those f rom the Physical-Chemical
Characterization study

Arsenic concentration in the f i n e f ra c t i on is about
21% higher than in the bu lk f r a c t i o n
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S o i l ingestion
Body weight
Exposure
frequency
Exposure
duration

C h i l d
200 m g / d a y
1 5 k g
350 days/year
6 years

Averaging time:
70 years (cancer) 30 years (non-

cancer)

A d u l t
100 m g / d a y
70kg
350 days/year
24 years
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S i t e S p e c i f i c Relat ionsh ip
Between Outdoor S o i l

and Indoor Dust

Arsenic: Dust = 0.06 S o i l + 11

FIGURE 2-9 - PANEL A
R E L A T I O N B E T W E E N A R S E N I C C O N C E N T R A T I O N S I N

I N D O O R D U S T A N D B U L K Y A R D S O I L
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I **t ., ,* , , ——— s —— f — — — — r* — — — — ;
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S O I L -
P A G E 31

D U S T R E L A T I O N S H I P S A T O T H E R U S E P A R E G I O N V I I I S I T E S
S i t e

A n a c o n d a
Bingham Creek
Butte
Deer L o d g e
East H e l e n a
F l a g s t a f f / D a v e n p o r t
M i d v a l e O U 1
L e a d v i l l e
Murray S m e l t e r
S a n d y C i t y
S h a r o n S t e e l

S l o p e ( p p m I n dust
Arsenic

0.31

0.001

0.03
0.1

0.17

p e r p p m I n yard s o i l )
Lead

0.43
0.24
-0.01
0.88
0.06
0.04
0.33
0.19
0.13
0.76

T o t a l intake of soil is assumed to be
composed of 45% soil and 55% dust.

F s = 0.45

When concentration of a contaminant in dust
is s u b s t a n t i a l l y lower than the concentration in
yard s o i l , the value of F s i s important.
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T o x i c i t j _ F a c t o r
Chronic RfD
Oral S l o p e
F a c t o r

V a l u e
0.0003

m g / k g / d a y

Source
IRIS 2000

1 . 5 ( m g / k g / d a y r IRIS 2000

EPA performed a study on the relative
b i oava i lab i l i ty (RBA) of arsenic in so i l s f rom
V B / I 7 0

RBA can be used to a d j u s t the Reference Dose and
S l o p e F a c t o r :

R f D a d j = R f D / R B A

SFadj = SF x RBA
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R E V I S E D RBA DATA FOR ARSENIC

T M - l
TM-2
TM-3
TM-4
TM-5

0.37
0.43
0.37

0.18

0.35
0.45
0.36

0.18

TABLE 4-1
E S T I M A T E D C A N C E R R I S K F R O M A R S E N I C I N S O I L A N D D U S T

Oajkn

die

Byna

O d n f f i t :

Stem

^N^tohnk

Nirio 1!/
H t f f i t i a
BdKted

902

7*

»

f f i

IMS

2985

Nniir and RmrtcTRtvol i eVMintiE Seated I t t l t e f f
dEOrarRJc

<f=EQ5
858

9B4
TO

97>/o
S

SP/O

61
97%
1132
97%
381
9?/o

XQS-BOt
44
y/o
3»
3%

1
24
2

3%
34
3%
B5
4>/o

ZW-B03 >Z(B
RvEQrarHi

<HB05
49
S%
344
«%

17
2%

25
43%
610
S2%
1475
«>/o

X Q J - B O t
385
43%
4»
J f / o
41

67/i>
3$

57%
528
4P/o
1419
49>/o

£Ot-B(B
38
4%,
2
3%

1
24
2

3%
28
2%
92
3%

>2B<B
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F I G U R E 4 - 3
D I S T R I B U T I O N O F A R S E N I C V A L U E S I N P H A S E I I I S O I L S

2 3 4 5
Ln (Arseni c C o n c e n t r a t i o n )

persori to about 1 E^* . • • :•:••:• :••:•:• :•::••:"' . .:•::•••:• ••: • . .• •:-::. .-.-:-. :•:- ••'••'•:•
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TABLE 4-2
E S T I M A T E D C H R O N I C N O N C A N C E R R I S K F R O M A R S E N I C I N

S O I L A N D D U S T

PBshhorhood
dayton

Cde

Byria

Octevi lJe

Swreea

AU h f a g l i i f l i l i o o r t s

Umber of
I V o p e r t J c sEvaluated

902

796

59

63

1166

2986

H m b e r a n d f t r c ^ o r P r o i a t e s W t h i n t h e S p e c i n e d K s k R a n R e
CTE Hoard Quotient

<=1 j
901

100%
796

100%
59

100%
63

100%
1166
100%
2985
100%

2-S
1

0.1%
0

0%
0

0%
0

0%
0

0%
1

0%

6-10 J
_
_
_
_
_
_
_
_
_
_
_
_

>=11
_
_
_
_
_
_
.
„
_
_
_
w

RME Hazard Ouodoit
<=1
895
99%
786

OQCU.yyn
59

100%
63

100%
1163
100%
2966
99%

«
7

0.8%
10

13%
0

0%
0

0%
3

03%
20

0.7%

6-10
_
_
_
_
_
_
_
_
_
_
_
_

>=11
_
_
_
_
_
_
_
_
_
_
_
_

C A N C E R R I S K FROM
GARDEN V E G E T A B L E S
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P A G E 61
E X P O S U R E P A R A M E T E R S F O R R E S I D E N T I A L I N G E S T I O N O F

G A R D E N V E G E T A B L E S
Parameter CTE RME
EPC ( i n o r g a n i c )
IR (kg we t w e i g h t / k g body w t / d a y )
Loss f a c t o r
EF ( d a y s / y r )
ED (year s)
A T (noncancer e f f e c t s ) ( d a y s )
A T (cancer e f f e c t s ) ( d a y s )

0 . 6 * E P C ( t o t a l )
4.92E-04

0.86
350

9
9*365

70*365

0 . 6 * E P C ( t o t a l )
5.04E-03

0.86
350
30

30*365
70*365

R E V I S I O N S I N R I S K E S T I M A T I O N M E T H O D

• A d j u s t for f r a c t i o n of total arsenic that is inorganic
C(inorgan i c) = C ( t o t a l ) * 0.6

• A d j u s t f o r preparat ion loss
I R ( a d j u s t e d ) = IR(raw) * 0.86
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R E V I S E D R I S K E S T I M A T E S F O R GARDEN
V E G E T A B L E S FROM 19 S A M P L E D P R O P E R T I E S

PropertyNunber
123
4
5
6
7a
9
1011
12
1314
15
16
1718
19

Neighborhood
C L A Y T O N
C L A Y T O N
C L A Y T O N
C L A Y T O N
C L A Y T O N
C L A Y T O N
C L A Y T O N
COLE
COLECOLE
COLE
COLE
COLECOLE
COLE
COLE
S W A N S E A / E L Y R I AS V W N S E A / E L Y R I A
S W A N S E A / E L Y R I A

OF

1/10
0/10/1
316
1/2

12/12
1 1 / 1 1 ( b )

0/21/2
1/21/1
4/6
4/4
3/93/30/41 / 1
0/21/1
1/3

E PC (bused onIncrgartco r w n l c ) ( « )
3.2E-03
25E-0326E-023.3E-021.2E-02
3.3E-01
1.3E-019.6E-034.0E-02
1.1E-031.2E-031.2E-014.4E-02
ZOE-021.2E-02
1.9E-021.2E-02
2.0E-038.7E-0429E-03

Chronic NonconcGf Rise
CTE RME

4E-03 4E-023E-03 3E-02
46-02 4E-01
4E-02 9E-012E-Q2 2E-01
4E-01 K > § * $ t S K j ^ j i2E-01 |w!$8tiJiS:;:|:i
1E-02 ' ' 1E^01' '
SE-02 6E-01
1E-03 1E-022E-C3 2E-02
2E-01 ^.§??SStt^^6E-O2 *6&bV
3E-02 3E-01
2E-02 2E-013E-02 3E-01
2E-02 2E-01
3E-03 3E-02
1E-03 1E-Q2
4E-03 4E-02

l i f e t i m e Cancer RJs*
C T E R M E

2E-07 86-06
2E-07 7E-06
2E-06 7E-06
3E-06 SE-OS9E-07 3E-053E-05 -^^'^$^^
1E-05 iH:¥:j:S^*::|!si7E-07 ' 3 E - 0 5 " ' "
3E-06 1E-04
8E-08 36-069E-08 3E-06
1E-05 ^^5^(S^§$:
3E-06 " i '&bT' "
2E-06 5E-059E-07 3E-051E-06 6E-OS
9E-07 3E-05
2E-07 5E-067E-08 2E-06
2E-07 8E-06

Combining Risks f rom Garden
Vege tab l e s and S o i l
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FIGURE 2-11 - PANEL A
R E L A T I O N B E T W E E N A R S E N I C I N G A R D E N S O I L A N D Y A R D S O I L

400 -
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&

n G
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F I G U R E 2-10 - P A N E L A
R E L A T I O N B E T W E E N T O T A L A R S E N I C I N G A R D E N

V E G E T A B L E S A N D G A R D E N S O I L

1.5

I 1.0-ji1
| 0.5-

1

0.0-c

A R S E N I C

outl ier?

%,

y = 0.001 4x + 0.0054
R2 = 0.2924

t „ _ •<i— , —— 2 — — — — -
20 40 60 80 100

As Concentration in Bulk G a r d e n S o i l ( m g / k g )
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A P P R O A C H
Perform ca l cu la t i on s at all 2986 proper t i e s
Use s i t e - s p e c i f i c data (concentration in yard
s o i l ) to e s t imate concentrations in garden
soil and in garden vegetable s

S i t e - S p e c i f i c Rela t ionsh ip s
•Garden s o i l -Garden V e g e t a b l e Re la t i on sh ip

C(veg) = C(veg)0 + K s v * C ( g a r d e n )
•Yard S o i l - G a r d e n S o i l R e l a t i o n s h i p

C ( g a r d e n ) = C(garden(0) + K s g * C ( y a r d s o i l )

Presentat ion 10-31-01.ppt 17



RME risks are greater than 1/10,000 at 99
proper t i e s (>0.01% chance of cancer)

RME risks are between 1/100,000 and 1/10,000 at
1954 proper t i e s (< 0.01% chance of cancer)

RME risks are le s s than or equal to 1/100,000 at
933 proper t i e s (< 0.001% chance of cancer)

For the p e o p l e with average exposure s (the
"central tendency" there are no p r o p e r t i e s
where risks exceed 1/10,000

Presentat ion 10-31 -01 .ppt 18



For RME scenario, there are 20 p r o p e r t i e s
where risks are unacceptable .

At all 20 p r o p e r t i e s , the RME cancer risk is
also greater than 1/10,000

If cancer risk above 1/10,000 is a d d r e s s e d ,
chronic non-cancer risk is addres sed

4

For CTE scenario, there is 1 p r o p e r t y
where risks are unacceptable.

Presentation 10-31-01.ppt 19



EVALUATION OF
S H O R T - T E R M

N O N C A N C E R R I S K

FIGURE 4-2
C O E F F I C I E N T O F V A R I A T I O N I N Y A R D S O I L GRAB S A M P L E S

3000

500 1000 1500 2000
Mean Concentrat ion o f Arsenic (ppm)

2500
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During a 1-3 month (summertime) exposure
per i od , a ch i ld might p l a y in a sub-location of
the yard where soil concentrations are higher
than the yard wide average.

The 90th p erc ent i l e concentration is a
conservative es t imate of the mean of a sub-
location.
E P C ( s u b c h r o n i c ) = 1.21 x 2.07 x EPC ( b u l k )

P A G E 56
S U B C H R O N I C E X P O S U R E A S S U M P T I O N S

V a r i a b l e
EPC
I n t a k e rate ( m g / d a y )
Body weight (kg)
Exposure F r e q u e n c y (days per month)
A v e r a g i n g T i m e ( d a y s )
H I F ( k g / k g - d a y )

C T E
2 . 5 * E P C ( b u l k )

200
12.3

15
30

8.1E-06

RME
2 . 5 * E P C ( b u l k )

400
12.3
25
30

2.7E-05
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T o x i c i t v F a c t o r
Acute RfD

V a l u e Source
0.015 m g / k g / d a y EPA O S W E R

(2001)
Acute RfD 0.005 m g / k g / d a y ATSDR MRL
Subchronic RfD 0.006 m g / k g / d a y EPA Region 8

( 1 9 9 5 )

T A B L E 4-3
E S T I M A T E D S U B C H R O N I C N O N C A N C E R R I S K S F R O M

A R S E N I C I N S O I L

Netetibortnod
daytan

Cde

Syria

Oobcvillc

Swansea

All

Mmberof
IVoper t i e s
E v a l i r f f d

902

795

59

63

1166

2986

> i m b e r a n d f t r t o r t o f I ¥ o p e r t i e s W H h i n ( h ( ! S p c d f i c d R i s k R a n R e
CTE Hazard Quotient

<=1
900

100%
795

100%
59

100%
. 63

100%
1166
100%
2984
100%

2-S
2

03%
0

0%
0

0%
0

0%
0

0%
2

0.1%

6-10 >=11
FME Hazard Quotient

•0=1

881
98%
777
98%

58 .
98%

62
98%
1155
99%
2933
98%

2-S
19
2%
19

2%
1

2%
1

2%
11
1%
51
2%

6-10
2

0.2%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
2

0.1%

>=n
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For RME scenario, there are 53 p r o p e r t i e s
where risks are unacceptable.

At all 53 proper t i e s , the RME cancer risk is
also greater than 1/10,000

If cancer risk is addre s s ed , sub-chronic risk
wil l also be addres sed

P A G E 58
A C U T E P I C A E X P O S U R E A S S U M P T I O N S

V a r i a b l e
EPC
I n t a k e rate ( m g / d a y )

Case 1
Case 2

Body weight (kg)

C T E
2 . 8 1 * E P C ( b u l k )

5000
2000
12.3

RME
2 . 8 1 * E P C ( b u l k )

10000
5000
12.3

Exposure point concentration is the 95 t h percent i l e
of the samples within the yard.
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For the RME scenario, there are between 662 and
1841 proper t i e s where risks are unaccep tab l e .

For the CTE scenario, there are between 294 and
1511 proper t i e s where risks are unacc ep tab l e .

Risk e s t imates are h igh ly uncertain and are
considered theoretical

TABLE 4-4
E S T I M A T E D A C U T E N O N C A N C E R R I S K S F R O M P I C A B E H A V I O R

EpueAsuntfm
dEBradQdiat

35 62) >2D
R V H f a t d Q c t i a t

25 62)
QBE! 145 98 42

Wo
130
4>/o

1511
51% I S P / o

328
11%

9EB
3P/o

GBE2 1SSL
9CP/o

238
9/o

25
1%

0 23S4 «7
K P / o

13
0>/0 22%
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FIGURE D-2 - PANEL B
C O M P A R I S O N O F P O I N T E S T I M A T E A N D M O N T E CARLO

R M E E S T I M A T E O F T O T A L R I S K A C R O S S A R A N G E O F
A R S E N I C C O N C E N T R A T I O N S I N S O I L

RME (95th)
4E-04

3E-04

U
2E-04

1E-04

OE+00

RME Point Es t imat e 1
RME Point Es t imate 2

RME Point Estimate 3

MCA 95th

100 200 300 400 500
Concentrat ion i n S o i l ( f i n e f r a c t i o n ) ( p p m )

600
Monte Car lo evaluat ion assumes soil intake is d i s t r i b u t e d l o g n o r m a l l y with a mean of 100m g / d a y and a s tandard d e v i a t i o n of 53 f r i g / d a y (95* p e r c e n t i l e - 200 mg/day)_______

F I G U R E D - 1
M O N T E C A R L O R E S U L T S F O R E X P O S R U E T O A R S E N I C I N S O I L / D U S TC o n c e n t r a t i o n in F i n e F r a c t i o n = 200 ppm

1.0

0.6

0.4

0.2

0.0

S o i l I n t a k emodeled with data
f rom Stanek and
Calabrese 2000

S o i l I n t a k emodeled aslognomial andparameters
matched to ERAd e f a u l t values

1E-07 1E-05
R & k

1E-04 1E-03
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P A G E 85
C A N C E R R I S K E S T I M A T E S F O R 2 0 0 p p m A R S E N I C I N F I N E S O I L

Method
F t i r t E s f i r

H / b n t e C a( a e e A p p e

( a ) f e n E p f c

Stati s t i c Soil Alone VegetaU
rets, RNEcartsrri sk 1.00EO4 7.00

gothperoer t l e 1EO5to4E05 9.00
to (a) 9 5 t h p e r o e r f l e 2EO5to6E05 1.00
n d x D ) g g t h p e r c e n d l e 5EO5to1EO4 3.00

99.9th peroentile 1B04to2B04 8.00
> based on two stendive PCRs for sal intake Rate (see fifpenit C>

esAlone Total Rsk
GC6 1.00E04
BOS 2B<Eto5E<£
EOS 3E05to7EO5
EO3 6EO5to1EO4
B05 1&04to2&04

E X P O S U R E A N D R I S K
FROM LEAD
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S i t e S p e c i f i c Relat ionship
Between Outdoor S o i l

and Indoor Dust

• Lead: Dust = 0.33 S o i l + 150

RE
FIGURE 2-9 - PANEL B

E L A T I O N B E T W E E N L E A D C O N C E N T R A T I O N S I N I N D O O R
D U S T A N D B U L K Y A R D S O I L

ooo Lead

800
700
600
| 500
| 400

300
200 •
100 •

0 - — — — — — — — , — — — — r — — — — — , •-•-•-, — — — — — — — , — — — — — — — — , — — — — — — — — , — — — — — — — — , — — — — — — — — ,
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• S i t e - s p e c i f i c RBA, measured in site s o i l s , is
0.84

• The d e f a u l t assumption in IEUBK model is
0.6 -
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FIGURE 2-11 - PANEL B
R E L A T I O N B E T W E E N L E A D I N G A R D E N S O I L A N D Y A R D S O I L
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P A G E 96
U N C E R T A I N T Y A N A L Y S I S R E S U L T S F O R A L T E R N A T I V E I E U B K

MODEL I N P U T S

M o d e l Run (a)
D e f a u l t (see T a b l e 5-2)
Revised d i e t a r y intakes (see above)
GSD =1.5
GSD =1.4
Revised d i e t a r y intakes (see above) and GSD 1.4
G S D = 1 . 3
Revised d i e t a r y intakes (see above) and GSD = 1.3
G S D = 1 . 2 ( b )
Revised d i e t a r y intakes (see above) and GSD « 1 .2 (b)
Soil in take based on S t a n e k and Catabrese (2000)

P 10 V a l u e (%)
<6%
1655
1937
2058
2413
2572
2728
2801
2911
2931
2986

6-10%
610
507
450
315
229
134
91
37
30
0

10-20%
518
402
345
171
118
67
59
19
12
0

>20%
203
140
133
87
67
57
35
19
13
0

T o t a l
WithP10>5%
1331
1049
928
573
414
258
185
75
55
0

(a) All runs I n c l u d e s i t e - s p e c i f i c a d j u s t m e n t s tor lead enrichment In the line f rac t i on (1.09), RBA (0.84), and lor soil-dust rebttonshl(b) Calculat ions p er formed using the DOS venjkm (0.994) ol the IEUBK model

P A G E 97
C O M P A R I S O N O F I S E A N D I E U B K M O D E L P R E D I C T I O N S

M o d e l Run

I E U B K M o d e l
I S E M o d e l

P 10 V a l u e (%)
<5%
1655
2986

5-10%
610
0

10-20%
518

0

> 20%
203

0

T o t a l
withP10>5%
1331

0
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FIGURE 5-1 - PANEL A
S T A T E BLOOD L E A D A N A L Y S I S R E S U L T SBlood Lead vs S o i l Lead for all 3 S t u d i e s
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FIGURE 5-1 - PANEL B
S T A T E BLOOD L E A D A N A L Y S I S R E S U L T S

I EUBK M o d e l P r e d i c t e d Blood Lead vs Observed Blood Lead
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Elevated blood lead l eve l s occur in chi ldrenr e s id ing within th e V B / I 7 0 S i t e
Soil is not l i k e l y to be the main source ofelevated blood lead level s
Elevations are not c l early d i f f e r e n t f romareas out s ide V B / I 7 0

i l l i i l lBlooS
Data was not s u f f i c i e n t to suppor t a sites p e c i f i c value for the geometric standarddeviation (GSD) of blood lead l eve l s , a keyparameter in the IEUBK model.
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In the F e a s i b i l i t y S t u d y , alternatives
for managing the unacceptable risks
are evaluated.

Prevent exposure to soil containing arsenic
in l eve l s p r e d i c t e d to result in excess
l i f e t i m e RME cancer risk which exceeds
1/10,000

Prevent exposure to soil containing arsenic
in l eve l s pr ed i c t ed to result in chronic or
subchronic RME non-cancer hazard
quotient which exceeds 1
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For children with pica behavior who live in
VBA70, reduce the po t en t ia l for exposures
to arsenic in soil that result in acute e f f e c t s

At proper t i e s where yard EPCs are
greater than 240 p p m , the RME
cancer risk is predic t ed to be
greater than 1/10,000.
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At p r o p e r t i e s where yard EPCs are
greater than 47 ppm, the RME acute
risk to chi ldren with soil pica behavior
is p r e d i c t e d to be unacceptable (hazard
quotient is greater than 1).

Limit exposure to lead in soil such that no more
than 5 percent of young children are at risk for
blood lead l eve l s greater than 10 u g / d L f rom such
exposure.
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Lead S o i l Level s at P10<5%
A l t e r n a t i v e I E U B K Model Runs

G S D
d e f a u l t
d e f a u l t
1.4
1.4
1.3
1.2
1.2

Dietary Intake Pb Soil Level
d e f a u l t 208
revised 246
d e f a u l t 326
revised 362
revised 443
d e f a u l t 542
revised 581

Designed to addre s s risks to ch i ldren f rom
exposure to lead in s o i l s and non-soil
sources

Designed to also address risks to ch i ldren
f rom po t en t ia l exposure to arsenic
associated with soil pica behavior
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Community and I n d i v i d u a l Education and
Outreach program

Biomonitoring Program

Response Program


